The synthesis of diaqua(1 ,lO-phenanthroline-N,N)(thiosulfato-O,S)manganese (ll) [Mn(phen)(SOa) [5] .
Introduction
The molecule 1,10-phenanthroline (phen) and its derivatives are well known to exhibit antifungal, antiviral and mycoplasmal activities [1] . Their cytotoxicity might be due to chelation of transition metals such as copper or iron in test media. Complexation with some divalent transition metals enhances these biological activities. Thus, antiviral activity was found for divalent transition metals with substituted phenanthrolines in the following order of activity Cd > Cu >> Zn >> Mn > Fe > Co > Ni > Ru [2] . Moreover, these complexes are used as DNA intercalating agents [3] and have been found useful for examining distinctive conformations along the DNA helix [4] . Recently, ternary complexes of Cu(ll) with 3,5-diisopropylsalicylate and substituted phenanthrolines have been synthetised among them, the most potent was bis(diisopropylsalicylato) (2,9- dimethylphenanthroline)copper(ll) which exhibits cytotoxicity comparable with cisplatin (PtCI(NH)), an anticancer drug. It was suggested that incorporation of a phen ligand in this former ternary Cu(ll) complex may favour DNA intercalation [5] .
Moreover, in the dinuclear complex [Rh(OAc)4(HO)], cytostatic activity was found to be enhanced when phen (or one of its derivatives) was incorporated in dimeric cationic rhodium (ll) complexes such as [Rh(RCOO)phen(HO)] + where R CHa, CHCHOH, CeHCHOH and phen 1,10-phenanthroline or 4,7-diphenyl-l,10-phenanthroline. Biological activities of these complexes are similar, for both KB cell line carcinoma and synchronous culture of chlorella vulgaris [6, 7] .
Considerable attention has been focused on the bioinorganic chemistry of manganese and especially on metalloenzymes with multinuclear Mn centres [8] . Recently, the synthesis and X-ray crystal structure of the Mn , complex double salt [Mn(qq-oda)(phen)4(HO)] [Mn(qrloda)(phen)4(q-oda)].4(HO) (oda H octanedioic acid) were reported together with its catalytic activity towards the disproportionation of HO [9] .
To our knowledge, very few manganese thiosulfate complexes have been studied by X-ray diffraction. An X-ray study of these complexes would not only give the coordination around the metal atom but should also define the situation of the thiosulfate group, which could in theory coordinate as a monodentate ligand, a bidentate ligand, or as a bridging ligand between different metal atoms.
Synthesis and Crystal Structure of Diaqua (1, (1,10-phenanth roline- N, N)-bis(4,6-dimethylpyriornidine-2-thiolato-N,S)-manganese(I [2.591 and 2.594 A] [10] . The Mn (1) O (1 ) distance [2.203(6) A] is significantly longer than the other metal-oxygen distances, Mn(1) 0(4) (H20) and Mn (1) 0(5) [9] . However, in the molecule (b) the apical distance Mn(2)-O(21 =) is equivalent to Mn(2) -0(24) (HO) which is significantly longer (2.185(5) ,&,) than the other Mn(2) 0(25) (H20) distance (2.130(5) A)_ Mn (1) S (2) 2.631 (2) Mn (2) S (22) 2.648(2) Mn (1) O(1') 2.203(6) Mn (2) O(21 i) 2.184(6) Mn (1) 0(4) 2.147 (5) Mn (2) 0(24) 2.185(5) Mn (1) 0 (5) 2.272(6) ,&, in complex (b)) are in the range of 2.421 to 2.301 A found in diaqua-bis (1,10- phenanthroline-N,N)-manganese(ll) bis(saccharinate) monohydrate [11] . The N(1) Mn (1) N (10) and N(21)-Mn (2) [16] . Moreover, in [Cd(bipy)(SO3)] (bipy 2,2'-bipyridine), the bridging thiosulfates bind metal centres through two different sequences Cdl S Cdl' and Cdl 01' $2' $1'-Cdl', thus defining a six-membered ring [17] . In the title compound, thiosulfate bridging ligands connect, through sulfur and oxygen, Mn atoms which are related by the binary b axis translation, giving rise to polymeric chains running parallel to this axis. This is illustrated in Figure 1 . Table 2 Selected bond angles (o). E.s.d's in parentheses refer to the last significant digit.
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Mn (2) 0(24) 86.9(2) S (2) Mn (1) 0 (5) 91.8 (2) S (22) Mn (2) 0(25) 91.6 (2) 0(1')
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Mn (2) 0(25) 90.8 (2) 0(4) Mn (1) 0 (5) 97.2(3) 0 (24) Mn (2) 0(25) 95.5(2) S (2) Mn (1) N (1) 81.1 (2) S (22) Mn (2) N(21) 85.9 (2) 0 (1') Mn (1) N (1) 99.1 (3) 0(21')- (4) Mn (1) N (1) 165.9 (2) 0 (24) Mn (2) N(21) 95.0 (2) 0(5) Mn (1) N (1) 95.3 (3) 0 (25) Mn (2) N (21) 169.2(3) S (2) Mn (1) N(IO) 91.6 (2) S (22) Mn (2) N(30) 95.0 (2) 0 (1') Mn (1) N(IO) 90.7 (2) 0(21')- (1) N (1) C(2) 127.5(6) Mn (2) N(21) C(22) 126.6(6) Mn (1) N ( Hydrogen atoms attached to water molecules could not be located by a difference FOURIER synthesis, but it is suggested that water molecules (via hydrogens attached to 0(4) and 0(5)or 0(24)and 0(25)) might be engaged in hydrogen bonding with 0 atoms of the thiosulfate groups, thus defining intramolecular bondings within the infinite chains of the Mn (1) Mn (1 ) or Mn (2) Mn (2) atoms and intermolecular bonding between the two different chains. It is known that the uncoordinated thiosulfate anion shows IR bands which are assigned to the Vibrations vs(S03), v(S-S), (as(S03), Mas(S03) (s(S03) and 9r(S03) at 995, 446, 669, 1123, 541 and 335 cm respectively [18] Synthesis and Crystal Structure of Diaqua (1, Symmetrycode'i =x, y-1, z;ii =x, y+ z, iii =x-1, y+ 1, z ;iv=x-1, y, z As a bridging ligand, the thiosulfate group shows the following changes in the stretching mode a shift to lower energy of v(S-S) and v(SO) and a splitting of Vas(SO) into two components due to the interactions M-O and M-S.
In fact, the IR spectrum of [Mn(phen)(SO)(HO)] is consistent with this coordination mode, namely the occurrence of bands assigned to v(S-S) at 420, v(SOa) at 970 and Va,(SOa) splitted in two components at 1100 and 1150 cm (the component at 1100 cm is due to the Mn-O and the second, to the Mn-S interactions).
Further absorption bands at 630, 720, 850, 960, 1000, 1420, 1440, 1520 and 1535 cm are assigned to the vibrational modes of phenanthroline, which indicate coordination of nitrogen atoms to the metal atom, and there is a band at 520 cm (pwHO) consistent with the coordinated water molecules.
The appearance of a metal-oxygen band at ca. 380 and sodium chloride (8.5 g/L) in distilled water. The suspensions were adjusted to 1-3.10 a colonyforming units per mL (CFU/ml).
3.2.
Synthesis of [Mn(phen)(SO)(HO)] An aqueous solution containing in 125 mL HO, Mn(CHaCOO).4HO (4 mmol), NaSO3.5HO (8mmol) and 1,10-phenanthroline (4 mmol) was boiled during two hours.
The orange-coloured product was sparingly soluble in hot solution, and was filtered off and the yellowish-green filtrat allowed to evaporate at room temperature. The pale yellow crystals separated after a few days; they were filtered off and washed with water and ethanol. (Found C 37.95, H 3.30, N 7.97 Y_,w(IFol-IFl) , where Fo and Fc are the observed and calculated structure factors. The weighting scheme used in the last refinement cycles was w w' ] where w '= 1/T_.,nArTr(X) with 3 coefficients Ar for the Chebyshev polynomial Armr(X where x was F/F(max) [23] . Models reached Table  3 . Criteria for a satisfactory complete analysis were ratios of rms shift to standard deviation less than 0.1 and no significant features in final difference maps. Details of data collection and refinement are given in Table 4 .
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